Introduction: Few studies have examined post-disaster coping abilities of health facilities and hospitals. On 15 August 2007, a 7.9 (Richter) earthquake struck off the western coast of Peru near the Department of Ica that devastated the healthcare infrastructure. The impact of the earthquake on the health facilities in the four most affected provinces (Cañete, Chincha, Ica, and Pisco), the risk factors associated with the damages incurred, ability to provide services, and humanitarian assistance received were assessed. Methods: A stratified, systematic sampling design was used to interview a sample of 40 health facilities. The most senior healthcare provider at each facility was interviewed about the facility's experience with service provision following the earthquake. Results: Sixty percent of the facilities reported some damage due to the earthquake; four (10%) were completely destroyed. A total of 78% of the facilities reported providing medical care within the first 48 hours after the earthquake and public facilities were more likely to remain open than were private facilities (p = 0.030). Facilities with an emergency response plan were more likely to provide services than were those without a plan (p = 0.043). Six months after the earthquake, similar numbers of HIV and tuberculosis (TB) patients were receiving treatment at the sampled facilities as prior to the earthquake, and no difficulties were reported in obtaining medications. Some form of assistance, most commonly medications, was received by 60% of the facilities; receipt of assistance was not associated with the facility type, location, damage incurred, or post-disaster service provision. Conclusions: Response plans were an important factor in the ability to provide services immediately following an earthquake. While a facility's ability to provide services can be determined by structural impacts of the precipitating event, response plans help the staff to continue to provide services and care for affected populations, and appropriately arrange referrals when care cannot be provided at the facility. The findings suggest that health facilities in disasterprone areas should invest in developing and implementing disaster response plans in order to improve health service provision capacity during disasters. 
Introduction
The first responders during a disaster typically are the survivors, and local health facilities assume the primary responsibility for the health of the affected population. Existing literature addressing the post-event impact on healthcare facilities is largely anecdotal, with a primary focus on "lessons learned" from individual disasters. [1] [2] [3] [4] Unlike household and population surveys that assess population vulnerability and coping capacity, few studies have systematically examined the operational capacity of health facilities in the post-event context. 5 The purpose of this study was to assess the disaster impact on health facilities immediately following the 2007 Ica earthquake in Peru as well as the factors associated with service provision.
On 15 August 2007, at 18:34 local time, an 7.9 (Richter) earthquake occurred off the southwest coast of Peru, near the Department of Ica. The epicenter partially destroyed, and an additional 25 government health clinics were damaged in the three most affected provinces of Chincha, Ica, and Pisco. 9 Damage to health facilities, coupled with road blockages, lack of transportation, and limited mobility of the population adversely affected the health system's ability to provide services. 8 For example, the United Nations Office for the Coordination of Humanitarian Affairs (OCHA) reported that 90% of hospital capacity in Pisco was destroyed; tents and other temporary facilities were established for the provision of health services. 10, 11 The government and healthcare personnel of Peru responded quickly to the disaster. Emergency operation centers were established in Pisco and Chincha, from which experts in the areas of health, water, and sanitation managed health services in the affected areas. 11 The Peruvian government required all hospitals to provide free services to those living in the affected areas. 8 The health responses included an epidemiologic surveillance system and vaccination campaigns; no disease outbreaks were detected following the earthquake. 6 was located 25 miles west-northwest of the town of Chincha Alta in the Department of Ica, and 90 miles south-southeast of the capital, Lima. 6 The most affected provinces included Cañete of the Department of Lima, and Ica and Pisco and Chincha of the Department of Ica, with a combined population estimated at 747,864 (2005 census). 7 Initial Peruvian government estimates reported 519 deaths and 1,300 injured, with 40-50 camps established for an estimated 58,000 households displaced by the damage caused by the earthquake. The city of Pisco was reportedly the hardest hit; six weeks after the earthquake, Pisco was receiving water only one hour per day, which complicated day-to-day operations at health facilities. 6 Reports of damages to the health system varied. Preliminary government reports indicated that 14 health facilities were destroyed and 103 were damaged. 6 However, in its consolidated appeal, the United Nations reported only four destroyed and 16 damaged hospitals. 8 A third report by the Pan-American Health Organization (PAHO) stated that only two hospitals were destroyed, five were damaged or field by the respondents. Four clinics in the eastern Andean region of the provinces were excluded because they were not likely to have suffered significant earthquake damage and were determined to be too far to reach. All 11 identified hospitals were included in the sample to ensure adequate representation of tertiary facilities. The remaining 152 health facilities were sorted by facility type (health post, health center, private medical clinic, and insurance-based polyclinic), and then, listed alphabetically; every fourth health facility on the list was identified for inclusion in the sample, resulting in a target sample of 49 health facilities (including the 11 identified hospitals). The final sample included 40 health facilities: two health facilities declined to participate, and seven were inaccessible and/or could not be reached for interviews. The survey instrument was developed after a review of existing post-earthquake, health facility assessments, though few standardized or publicly available surveys exist for such post-event assessments. 5 The final questionnaire included components on impact, capacity, pre-and post-earthquake performance of the facility, post-earthquake assistance received, treatment of patients with tuberculosis (TB) and HIV, and those receiving family planning services.The survey was developed in English, and then, was translated into Spanish; a local Peruvian health professional piloted the survey and translational errors were corrected to ensure the correct local dialect was used. Four Peruvians who worked with INPARRES and worked in the health sector administered the survey; interviewers received two days of training prior to implementation. When possible, the most senior physician or administrator at the facility was interviewed; in their absence, the most senior healthcare provider present was interviewed, which included nurses at some of the more remote health posts. Interviews lasted between 20-45 minutes.
Data processing was conducted using Stata, version 9.0 (College Station, TX) for the application of standard statistical methods and tests. Due to the small sample size, Fisher's exact and Kruskal-Wallis tests were used. The Johns Hopkins Bloomberg School of Public Health Committee on Human Research certified the study as exempt.
Results
Of the 49 health facilities selected for inclusion, two declined to participate and seven facilities either were inaccessible and/or could not be located for interviews. The final postearthquake assessment included 40 health facilities across the four most affected provinces: 16 (40%) of the health facilities were in Ica Province which contains the primary urban center for the region (the city of Ica, capital of the Department); health facilities in each of the other three provinces comprised 18-25% of the sample. Of the 40 survey respondents, 43% were doctors, 28% nurses, 15% administrators, and 13% technicians. Ninety percent (n = 36) of the health facilities surveyed were public; the sample also included three private facilities and one non-profit facility. The majority of facilities surveyed (68%, n = 27) were primary-level facilities; the sample also included secondary level facilities (23%, n = 9) and tertiary-level facilities (10%, n = 4) as identified by the respondents. Variations in the respondents' opinions resulted in only four identified tertiary level facilities in the final analysis, yet 10 of the original 11 hospital facilities remained in the final
Methods
An assessment of health facilities in the four provinces most affected by the August 2007 earthquake (Cañete, Chincha, Ica, and Pisco) was conducted in January 2008. The study aimed to explore factors associated with health system infrastructure damage, receipt of assistance, and health service provision immediately following the earthquake. The study was conducted by The Johns Hopkins Bloomberg School of Public Health Center for Refugee and Disaster Response in conjunction with Instituto Peruano de Paternidad Responsable (INPPARES), a Peruvian non-profit organization that works primarily in reproductive health, and also was involved in the earthquake responses.
A stratified, systematic sample was used to ensure representation of different levels of health facilities. Primary level facilities were defined as providing basic primary health care. Secondary level facilities were defined as receiving referrals from primary care and/or having the capacity to perform more advanced outpatient treatments. Tertiary level facilities were defined as inpatient facilities with the ability to treat and manage complex cases, including those requiring surgical intervention. A list of all health facilities in the four provinces was compiled by local INPARRES staff based on information from local authorities and subsequent verification. The senior physician at the Centro de Salud de San Vicente de Cañete compiled the health facility list for Cañete Province because lists were not available from local authorities. The final list was comprised of 167 health facilities, including 11 hospitals. Since no agreed-upon definition of primary, secondary, and tertiary care exists throughout Peru, initially identified tertiary centers were not always reported as such in the providing health services within 48 hours following the earthquake, while six (15%) facilities were closed. Nearly all (97%) facilities providing services within 48 hours following the earthquake were public; in comparison, of facilities that did not provide services, 67% were public and 33% were private (p = 0.030). Eleven facilities (28%) reported having an emergency plan for disasters, and all facilities with emergency plans provided services within 48 hours following the earthquake. Of the 29 facilities without emergency plans, 69% were operational within 48 hours post-earthquake (p = 0.043). There were no statistically significant differences in health facility characteristics by the ability to provide services within 48-hours following the earthquake. There was a statistically significant relationship between the level of facility damage and the service provision within 48-hours following the earthquake (p = 0.023).
Treatment for TB and HIV Patients, and Family Planning Services
The impact of the earthquake on health services for HIV/AIDS and tuberculosis patients that require consistent access to drug treatment regimens is illustrated in Table 3 . A total of 26 facilities (65%) were providing tuberculosis treatment and nine (23%) were providing HIV/AIDS treatment prior to the earthquake; this declined marginally to 25 (63%) and seven (18%), respectively. Among the facilities providing each service type, there was a 4% decrease in the number of patients treated for tuberculosis and a 6% increase in the number of patients receiving treatment for HIV/AIDS. Access to sample. The position of respondents, health facility level, and health facility type did not differ statistically by province.
Damage
An overview of health facility characteristics by the presence or absence of earthquake damage (including damage ranging from intact buildings with structural damage to complete destruction, but not minor cosmetic damage) is summarized in Table 1 and the spatial distribution of the degree of health facility damage is diagrammed in Figure 1 . Overall, 24 (60%) of surveyed health facilities reported some structural damage following the earthquake, including four (10%) that were completely destroyed; five (13%) with significant damage (defined as repairable, but with at least partial collapse of walls or roof ); and 15 (38%) that were intact with some structural damage (defined as having cracks or shifts in the walls or foundation). Patient referral immediately following the earthquake was significantly greater at facilities that had sustained damage as compared to those that did not; among the 31 facilities providing services within 48-hours following the earthquake, 19 (79%) of the health facilities that incurred significant damage referred patients to other health facilities versus a 33% referral rate in facilities that were not damaged (p = 0.014).
Capacity
Summary data on health facility characteristics by capacity to provide services within 48 hours following the earthquake are in Table 2 . Overall, 31 (78%) facilities reported 13 Knowing the specific circumstances of Peru's seismic activity, it is imperative that health facilities take the necessary measures to be as prepared as possible. This survey, assessing the impact of the most recent large-scale earthquake in Peru on health facilities, helped to elucidate not only how health facilities were affected, but also the extent to which they were able to provide care given their level of preparedness and other factors. Compared to other large-scale earthquakes in recent years, the health facilities in southern Peru fared relatively well after the 2007 Ica earthquake. The 7.6 (Richter) Pakistan earthquake of 2005 left only 32% of the health facilities functional. 14 In 1999, the Marmara Region of Turkey was struck by a 7.4 magnitude earthquake that left devastating consequences for the health infrastructure totaling $37 million in damage, including damage to 26% of the hospitals, and destruction of 28 health centers, and damage to 20 health centers. 15 Perhaps, the greatest impact to local healthcare systems occurred after the 6.6 magnitude Bam earthquake in 2003, when almost all health facilities in the surrounding area were destroyed. The communities were left with little to no existing healthcare infrastructure; in addition, 50% of the local health staff was dead or missing and disease surveillance was interrupted. 16 Sixty percent of health facilities in southern Peru reported some damage (including four that were destroyed), but almost 80% (n = 31) provided services immediately after the earthquake. Many facility's functional capabilities were not associated with the damage incurred. Of the six facilities that medications for treatment of TB and HIV remained consistent following the earthquake: all facilities treating each group of patients reported adequate access to TB or HIV medications both before and after the earthquake. Family planning service provision also was assessed: 36 (90%) facilities were providing family planning services and this number decreased to 35 (88%) after the earthquake. Overall, there was a 12% decrease in the number of patients receiving services for family planning after the earthquake (excluding one outlier, a large maternal hospital where the accuracy of reporting was questionable; Table 2 lists additional information; including this outlier, access to family planning would have increased by 53%.
Assistance Received
Of the 40 health facilities surveyed, 60% reported receiving assistance following the earthquake. The receipt of assistance was not associated statistically with structural damage, location, level of facility, or closing after the earthquake. Among the 24 health facilities that received post-earthquake assistance, 71% (n = 17) received medicines, 21% (n = 5) received medical supplies, 17% (n = 4) received medical equipment, 15% (n = 6) received support from health professionals, and 8% (n = 2) received construction materials. No health facility received financial assistance.
Discussion
Peru is adjacent to the Nazca-South American fault line and earthquakes are not uncommon: in the past 50 years, 14 earthquakes >7.0 on the Richter scale have occurred in the Table 3 -Earthquake impact on health services for populations with TB and HIV, and family planning services *The number of facilities providing TB treatment in this table differs from that mentioned in the Results because two facilities began providing treatment only after the earthquake in addition to several facilities that ceased to provide treatment after the earthquake. **Excludes one outlier, a secondary facility focusing on maternal health that had 6,508 patients pre-earthquake, and reported no loses of original patients and 3,475 new patients (9,983 total patients) post-earthquake. If included, the mean change in patients seeking FP services is 81.6 ±591 with a 53% increase in the number of FP patients post-earthquake national governments have limited funds. The fact that the number of patients receiving treatment for HIV and TB essentially remained unchanged in the sample of facilities at six months post-earthquake, and that facilities reported no difficulties in obtaining needed treatments post-disaster, suggests that the Peruvian health system coped well in the aftermath of the earthquake. Interruption in the treatment of TB and HIV was not a component of this research, however, it is clearly a risk to patient's health in the disaster context. Relatively little research has been conducted on the intersection of disasters due to natural hazards and HIV or TB; however, following Hurricane Katrina, interruption in antiretroviral therapy was common in patients that had resumed treatment, and at approximately six weeks posthurricane, all 130 TB patients in the New Orleans area had been located and were continuing therapy. 17, 18 While the timeframe of the present study does not allow for direct comparison, it is laudable that HIV and TB treatment levels were similar at six months post-earthquake in a resource-poor setting such as Peru. A more substantial decline of 12% was observed in family planning services; however, this is less of a concern in the Peruvian context where contraceptives are available in pharmacies at relatively low cost and with no prescription.
Immediately following the earthquake, a reconstruction fund was established and a supplementary credit of $31.6 million had been authorized by the Peruvian government for the reconstruction of public infrastructure. 12 In the interim, temporary facilities have been put in place in many hospitals that either will augment remaining undamaged portions of the facility, or in the case of Pisco, replace the principal hospital that was destroyed. 19 The second phase of reconstruction, which is planned to continue until 2009 and have an estimated cost of $3 million, focuses on re-establishing health services and enhancing the response capacity of the health sector. 20 While budget allocations for earthquake reconstruction were made expeditiously, some respondents expressed concern for long-term reconstruction of health facilities. This was particularly true in several of the main tertiary level hospitals in which significant portions of the facility had been rendered structurally unsound and either had been demolished or were slated for demolition. In these instances, temporary modules were under construction to increase capacity; however, there was skepticism that adequate and timely financial commitments would be made for the reconstruction of tertiary hospitals. While the local health system responded well following the 2007 earthquake and in the early phases of recovery, temporary facilities have been put in place and budgetary allocations made for additional rehabilitation and construction of new health infrastructure, it will take years for the health system and affected areas to recover fully. Ideally, this process will be monitored and documented by both Peruvian authorities and the international community, adding to the knowledge base of post-disaster health system reconstruction.
Limitations
Interviewees may have been biased and either under-or over-reported their responses because of the belief that assistance was associated with the survey; additionally, the relaclosed, one was destroyed while three others reported significant damage; however, two facilities that closed reported that their facilities were intact and had sustained no serious structural damage. Further, three of the four private facilities that were interviewed stated that they were closed, constituting half of the closed health facilities; this compares to only three of the 36 (8%) public facilities that closed following the earthquake. Reasons for closure included infrastructure damage, lack of human resources, lack of medicines and treatments, and lack of utilities. A possible explanation for the higher proportion of closed health facilities that were private is that more emphasis was placed on assisting public facilities, whereas, private facilities had to cope on their own.
Local health facilities are the initial source of care for populations affected by disasters. The presence of an earthquake response plan was associated with a health facility's ability to provide medical services during the first 48 hours post-earthquake: 36% of facilities with emergency plans were able to provide services immediately following the earthquake as compared to 0% of facilities without emergency plans (p = 0.043). In addition to the presence of an earthquake response plan, other factors also contributed to a health facility's ability to provide immediate care: one-third of respondents stressed the lack of healthcare personnel as a major obstacle to providing sufficient and quality care to patients during the disaster. Though many other necessities were listed by respondents as necessary for future disaster preparation (i.e., healthcare personnel, medical equipment, infrastructure, and medical supplies), only infrastructure and space issues were listed as challenges to providing post-earthquake health care by >10% of the respondents.
Among the health facilities participating in this survey, the provision of humanitarian assistance was not associated with the level of damage sustained. There was also no difference in humanitarian assistance received by hospital characteristics, service provision, or facility closure post-earthquake Facility type, presence of an earthquake response plan, closing after the earthquake, and level of damage were associated with providing services within 48 hours following the earthquake. It is possible that political circumstances, access issues, and personal connections of staff contributed to whether or not a facility received assistance; however, these were not explored in the present study. Further research should explore the factors associated with whether a facility receives assistance, as well the appropriateness of assistance in terms of addressing the needs of the affected populations and as perceived by the health professionals staffing the facilities.
While immediate provision of health care to those injured during disasters is essential, provision of routine health services in the months and years following disasters can be equally challenging. Damage to facilities and infrastructure, loss of health personnel and support staff, lack of basic utilities, limited transportation and difficulties procuring supplies, the increased need for health services among the affected population often resulting from a sudden decline in living conditions, and an increase in environmental risk factors are potential challenges that health systems face. Further complicating the situation is the cost and time required to physically rebuild damaged infrastructure, often in resource-poor settings where local and factor in being able to provide services immediately after the 2007 earthquake, which is an essential measure of health system performance considering the large number of injuries that present in the hours and days following a disaster-producing event. While a facility's ability to provide services can be determined by structural impacts from the event, response plans help staff to continue to provide services and care for affected populations and appropriately manage referrals when care cannot be provided at the facility. Despite considerable earthquake damage, including the destruction of health facilities, similar numbers of HIV and TB patients were receiving care prior to and at six-months following the earthquake-another indication that the health system is coping relatively well in the aftermath. Rehabilitation and reconstruction of tertiary level hospitals potentially poses the greatest challenge, largely because of the significant time and financial investments required. Clearly, more research is needed to explore factors that contribute to a facility's ability to provide services during a disaster, as well as determinants of successful health system reconstruction. Findings from this study suggest that health facilities in disaster-prone areas should invest in developing and implementing disaster response plans in order to improve health service provision capacity immediately following disaster-producing events.
tively long, five-month period between the earthquake and the survey also could have introduced recall bias. Another challenge encountered was a national strike of Peruvian physicians that began the day of the survey and continued for the duration of the survey period. Physicians still were available at the facilities, but the strike created inherent problems with their availability to speak with interviewers; the strike also affected the composition of survey respondents because senior physicians frequently were absent and other health facility staff members were interviewed in their place. Another limitation to the study was that no complete list of health facilities existed for the province of Ica or any of the smaller provinces; thus, it is possible that some of the smaller or less known remote facilities were omitted when the sampling list was compiled. The final sample included 40 health facilities, and this small sample size limited the ability to detect differences that could have been statistically significant in a larger sample. The relatively small number of health facilities in this study precludes strong conclusions; however, determinants of facility capacity to provide care following disasters are an area deserving of further research.
Conclusions
The capacity of local health systems to provide clinical care and basic public health services immediately during disasters is essential in both mitigating disaster impact (loss of function) and preventing the deterioration of population health. In disaster-prone areas such as the earthquake-affected region of Southern Peru, adequate preparedness measures are essential in order for health systems to effectively manage caseloads during disasters. Response plans were a significant
